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MEASUREMENT OF THE VELOCITY OF LIGHT 
USING QUARTZ CRYSTALS 


by D. W. R. McKINnLey 


ABSTRACT 


This paper describes work done in 1937-38 on the measurement of the 
velocity of light using vibrating quartz crystals directly to modulate the light 
beam at 8 megacycles per second. The value obtained for c was 299,780 + 
70 km./s. in vacuo, the major portion of the error being due to inadequate 
facilities for measuring the distance. Of chief significance, however, is the 
accuracy of determining the null position, which contributed 10 km./s. to the 
error inc. The technique is inherently capable of yielding a value of c fully 
comparable with contemporary determinations. 


INTRODUCTION 


The determination of the velocity of light has intrigued 
scientists for the past three centuries because of the fundamental 
and sometimes controversial nature of this basic constant in 
physics and astronomy. Direct methods of measuring this 
velocity involve marking the light beam in some manner and 
then timing the passage of this fiducial mark over a measured 
distance. Galileo's attempted determination was perfectly valid 
in principle but failed because his timing errors were several 
orders of magnitude greater than the brief instant the light beam 
took to traverse his rather short base line. Rémer, in 1676, got 
around this difficulty, in his historical observations of the eclipses 
of Jupiter’s satellites, by using a base line of 195 million miles 
which yielded an easily-measured time interval of the order of 
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1000 seconds. About the middle of the last century Fizeau 
performed the first successful terrestrial experiment, using a 
toothed wheel to intercept the light beam, and was followed by 
Cornu, and by Foucault, using both the toothed wheel and the 
revolving mirror. Michelson, Newcomb, and others have further 
improved the revolving mirror technique. 

However, mechanical methods of marking, or modulating the 
beam of light are limited by the comparatively low shutter speeds 
that can be obtained by such devices. Long base lines are required, 
of the order of several kilometres, and it is difficult to measure 
accurately all the parameters involved, and even more difficult 
to control them. The modern trend has therefore been towards 
higher modulation frequencies, achieved by electro-optical shutters 
such as the liquid Kerr cell used by Karolus and Mittelstaedt', 
and Anderson’, with corresponding base lines measured in metres 
rather than kilometres. 


This paper summarizes briefly some work done at the University 
of Toronto, in 1937-38, on the measurement of the velocity of 
light using a piezoelectric quartz crystal as the light modulator. 
This material has not appeared in the press previously, though 
it has been available as part of a thesis, dated May, 1938; copies 
have been on file at the University. Specific reference has been 
made to this work in a paper which described in detail the quartz 
crystals and mountings employed,’ and the technique has been 
applied to the detection and measurement of small optical activi- 
ties‘. The author had been deferring publication of the details 
of the velocity of light experiment with the thought in mind that 
the work might eventually be resumed and brought to a higher 
degree of perfection, but the prospect appeared more and more 
remote as the years passed. 


KERR CELL AND QUARTZ CRYSTAL LIGHT MODULATORS 


Let us first compare the properties of the liquid Kerr cell and 
the quartz crystal. The Kerr cell usually consists of a pair of 
parallel electrodes immersed in nitrobenzene. A beam of light, plane 
polarized at 45° to the electric field, passes between the electrodes 
and is then extinguished by a second Nicol prism or Polaroid 
when the cell is static, that is, with no potential difference between 
the electrodes. It can be shown that if an alternating field, 
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E sin 2xft, of frequency f, is impressed on the cell the light in- 
tensity issuing from the Kerr cell—Polaroids system is given by 


I = Io sin® sin? 2xft), 


where K is the Kerr constant of the liquid, and / is the path-length 
of the light between the cell plates. 

Consider now a quartz crystal with electrodes on its X-faces 
and with the light beam passing along the Z-axis. Owing to the 
normal double-refraction dispersion effect in quartz there will be 
a static rotation of the plane of polarization which can only be 
completely extinguished by the second Polaroid for monochromatic 
light. An applied electric field will vary the emergent plane of 
polarization, the resultant intensity (assuming monochromatic 


light) being I =Iosin?(klEsin2nft) ........ (2) 


where k is a constant equivalent to the Kerr constant for liquids. 
This differs from the expression for the Kerr cell inasmuch as 
it contains the first power of the electric field, rather than the 
square. . 


In either of these cases, suppose that the light is reflected by 
a‘distant mirror and returned through the electro-optical system 
after traversing a total distance D, = nc/f where n is zero or 
any integer and c the velocity of light. The Kerr cell, or the 
quartz crystal, will then be in the same electrical phase as on the 
original passage of the light, and it can be shown that there will 
be a minimum in the re-transmitted light intensity. Either the 
Kerr cell or the quartz crystal in this arrangement acts as its own 
detector of the ‘‘marks” or modulation that it originally impressed 
on the light beam. 


Equation (2) represents the action of the quartz crystal when 
the frequency of the exciting voltage does not coincide with any 
of the natural vibration frequencies of the particular crystal in 
use. If the driving frequency is made to correspond to a natural 
resonance of the crystal, usually to the thickness vibration along 
the X-axis, the amplitude of the crystal oscillations will increase 
greatly, of the order of a thousand times the off-resonance ampli- 
tude. This is the mode of operation adopted in practice because 
the electro-optical effect defined by equation (2) also increases 
tremendously. However, a complication is now introduced by 
the ultrasonic standing wave density-pattern set up in the crystal. 
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The periodically varying strains in the crystal cause the refractive 
indices to vary considerably throughout the crystal so that the 
light emerging from the crystal is elliptically polarized in general. 
This effect is not due specifically to the anisotropic properties of 
quartz nor to its optical rotary power; the same phenomenon can 
be observed in isotropic substances like glass, when a block of 
the material is driven by external means at a natural mechanical 
resonance frequency or multiple thereof. The complexities of 
this dynamic polarization pattern make it difficult to substitute 
the quartz crystal directly for the Kerr cell in a self-detecting 
arrangement as described in the previous paragraph. If the 
quartz crystal is being driven at its fundamental thickness fre- 
quency a single row of large bright and irregularly shaped spots 
appears across the face of the crystal when viewed in polarized 
light. When the crystal is excited at any odd harmonic of this 
frequency, for example the 21st harmonic, then 21 rows of spots, 
or lines of light, appear and thus a dynamic diffraction grating is 
formed. Use has been made of this effect by Houstoun® and 
others. 

However, if one wishes to employ the crystal as a modulator 
only, and not as a self-detector of the modulation, the standing 
wave effect is an asset as it adds to the depth of modulation pro- 
duced by the dynamic rotary effect. The researches of Maerks’*, 
Frey’, and others, and some private correspondence with Anderson 
who was then carrying out his experiments on the Kerr cell method 
of determining the velocity of light? suggested that a tuned photo- 
cell might well be used as a detector of the modulated light beam, 
leaving only the function of modulating the light to the quartz 
crystal. 

As discussed by the author in a previous paper‘ the conventional 
X-cut quartz crystal has several disadvantages when used as a 
light modulator. The light should pass along the Z-axis for 
maximum efficiency, but to achieve a high fundamental resonance 
frequency the thickness must be small, hence the light aperture 
is limited. A thick piece of quartz can be driven at a high harmonic 
but the grating effect diverts an appreciable amount of the light 
from the direct beam. Furthermore, a light path in the quartz 
of a centimetre or two is not only desirable but is a practical 
necessity from the electrical viewpoint, and if white light is to be 
used methods must be found of annulling the normal static rotation 
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and dispersion of the quartz. This can be done by using another 
piece of quartz of opposite rotatory power, or by reflecting the 
light back through the original crystal, but the light-efficiency is 
seriously reduced. The temperature coefficient of frequency of 
the X-cut crystal is undesirably high, especially in this application 
where appreciable driving powers are required with attendant 
heating of the crystal. 

Fortunately many other types of crystal cuts are available, 
which are primarily designed for their so-called zero temperature 
coefficient properties; one of these is peculiarly adaptable to the 
modulation of light. This is the 49°-cut crystal, developed by 
Lack, Willard and Fair’. The Z-axis in this crystal is inclined 
at 49° to the electrode faces of the crystal and by using ring elec- 
trodes a large aperture can be left in the centre of the crystal for 
the passage of light, this aperture being independent of the crystal 
thickness and frequency.* By passing the light through at an 
angle to the faces the actual path in the crystal is very close to the 
optic axis, thus satisfying the condition for maximum efficiency 
of modulation. The 49°-cut crystals used in the work had funda- 
mental frequencies between 3,700 kc./s. and 4,100 kce./s. with 
thickness of the order of 0.06 cm. The optical path in the crystal 
was so short (0.08 cm.) that no compensation for dispersion was 
required in practice, and furthermore, a convergent light beam 
could be used. With sufficient coupling between the crystal and 
the self-excited driving oscillator, the oscillator would lock to the 
crystal frequency. Thus the crystal not only functioned as an 
electro-optical shutter but was also the frequency-stabilizing ele- 
ment in the electrical circuit. Very little excitation was required 
for these crystals. Two to five watts of radio frequency energy 
at a few hundred volts drove them to optimum light output. No 
special precautions for cooling them were necessary, though a small 
fan blowing on the crystal helped to ensure frequency stabilities 
of the order of a few cycles per second in four million. 

In a simplified treatment of the Bessel functions involved in 
an equation similar to equation (2) the author has shown‘ that 
the light output of the quartz crystal modulator consists both of a 
fundamental frequency and a second harmonic frequency of the 
same order of intensity. If the light output of the quartz-Polaroids 
system is allowed to fall on a vacuum photocell connected to the 
input of a standard high-frequency communications receiver a 
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strong signal will be picked up (corresponding to the unmodulated 
carrier of a transmitting station) when the receiver is tuned to 
either the fundamental or the second harmonic of the crystal. 
In practice the second harmonic operation is always used; first, 
because it is necessary to shield the receiver completely from the 
direct electromagnetic radiation of the crystal-driving oscillator 
and this is much easier to do at the second harmonic; and second, 
because the modulation frequency is doubled, which results in 
halving the base line required in a velocity of light experiment. 


MEASUREMENT OF c—CRYSTAL MODULATOR 
AND SELF-DETECTOR 


Several attempts were made to use a conventional X-cut 
crystal as a combined generator and detector of the modulated 
light. Some success was obtained with the arrangement sketched 
in figure 1. Light from a Pointolite lamp P, was brought to a 
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Fic. 1. Arrangement for measuring the velocity of light, using the quartz 
crystal as both generator and detector of the modulated light. 


parallel beam by a lens system, passed through the quartz to a 
distant mirror M,, and returned through the crystal. In practice 
the light beam was folded several times. 1, was mounted on a 
sliding carriage bearing on a track machined from a ten-foot 
length of 4-inch cross-section steel ‘‘H’’ beam. A semi-silvered 
mirror Mz», permitted the observer to note the change in light 
intensity as M,; was moved back and forth. The X-cut crystal 
used was square, of width 2.0 cm. along the Y and Z axes and 
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thickness 0.164 cm. along the X-axis, with a fundamental frequency 
about 1,750 ke./s. The corresponding wave-length, 170 metres, 
was also the overall optical path necessary in this technique, 
which required the crystal to be in the same electrical phase for 
both passages of the light. 


Adjustment of the apparatus was very difficult. Every point 
on the aperture face of the crystal vielded light of varying degrees 
of dynamic polarization, corresponding to the nodes and loops of 
the rather irregular standing wave pattern, so a screen with a 
small hole was used to select one only of the most active parts 
of the crystal surface; otherwise the desired effect was completely 
obscured. It turned out to be next to impossible to move the 
mirror M,, without causing spurious variations in the light intensity 
due to minute angular changes in the mirror which were greatly 
magnified by the long optical lever effect. This was overcome by 
leaving P, Li Le, and M;, fixed and mounting the crystal system 
on the track, because the light beam was relatively insensitive to 
angular variation of the crystal. The 49°-cut crystal was also 
tried in this self-detecting arrangement, with the advantages of 
a shorter base line and more light, but the rotation pattern of 
the crystal was fully as complex as the X-cut crystal and the 
adjustments difficult to make. Under the best conditions a flat 
minimum in the light-intensity could be repeatedly located but 
the probable error of the mean of a hundred observations of the 
distance D was of the order of 2 per cent. The actual value 
obtained for c was 3.02 X 10° km./s. but this is of little interest in 
view of the large probable error. It seemed fruitless to pursue 
this line of attack further. 


MEASUREMENT OF c—CRYSTAL MODULATOR AND 
PHOTOCELL DETECTOR 


The attainable accuracy was improved several orders of 
magnitude by using a tuned photocell as the detecting device in 
the arrangement of figure 2. The parallel beam of modulated 
light emerging from the crystal-Polaroid system was split by a 
full-silvered mirror M, inserted part way into the beam. Part 
of the light was reflected directly into the photocell and the remain- 
der traversed a longer path to the adjustable mirror Me, back 
to M3, and thence to the same photocell. In practice the mirror 
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M, cut off the lower half of the beam and was adjustable in a 
vertical plane. M; was mounted directly above M, (though 
shown separated in the diagram for clarity), leaving a gap of a 
couple of centimetres for passage of the longer-path light-beam. 
To measure the path distance a reference point was selected any- 
where on the edge of M, and the image of this point was marked 
on mirrors M, and M;, as viewed from the focal plane of L;. The 
various segments of the paths could then be measured individually. 


ABOUT 9 METERS 


N, M, M, 
OSCHLATOR 
AL 
L; 


PHOTOCELL Y 
MILLIAMETER 


RECEIVER 
san T) GALVANOMETER 


Fic. 2. Arrangement for measuring the velocity of light, using the quartz 
crystal as the generator and a tuned photocell as the detector of the modulated 
light. 


The light from either path completely covered the photocell surface 
uniformly, so that the shape of the photocell surface did not enter 
the calculations. 


Let V1 sin 4x ft represent the a.c. voltage developed at the 
photocell due to the light from the shorter path and V2 sin 
(47 ft + gy) that due to light traversing the longer path. The 
receiver is assumed to be tuned to the second harmonic of the 
crystal frequency, f. These voltages will add to produce a 
resultant radio-frequency intensity, 


I= V? a V2? 2 ViVe COE (3) 
and this will be a minimum for ¢ = mz, where n = 1, 3,5, ..... 


Thus, if D, is the difference in the two optical paths for a minimum, 
the velocity of light is given by 


(4) 


The minimum is most pronounced, of course, when V; = V2 
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and this is the condition achieved in practice as closely as possible. 
It can be shown that no appreciable error is introduced in the 
determination of the distance D, if VV; # V2, provided the inten- 
sities are of the same order of magnitude. Ambient light, up to 
the level of saturation of the photocell surface, has no effect on 
the operation of the system. The work can be carried out in 
daylight, and in the presence of 120-cycle modulated light from 
fluorescent lamps. 

It might be remarked parenthetically that the interference 
phenomenon occurs only at the modulation frequency of about 
8 X 10° cycles per second and not at the frequency of the light 
waves, which is of the order of 10% cycles per second. The average 
current in the photocell, if it were read on a d.c. meter in the 
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MIRROR POSITION IN CM. 


Fic. 3. Typical observational curve of galvanometer output from the tuned 
photocell versus position of the adjustable mirror near the null position. 
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photocell battery circuit, is the sum of the currents produced 
by the light from either path alone and is independent of ¢. Thus 
the technique has a great advantage over the use of the quartz 
as a self-detector where the frequency of the light waves, while 
not involved directly in the measurement of c, did cause trouble 
because of the polarization problems. 

The detection system was a conventional superheterodyne 
receiver with a high impedance input to suit the characteristics 
of the photocell (RCA 929). The second detector diode circuit 
was modified to provide a d.c. output to a milliammeter in series 
with a galvanometer, the latter having provision for bucking out 
the zero-signal diode current. Without any light signal at the 
input the receiver noise fluctuations in the galvanometer circuit 
were less than 107? amperes, therefore, 10-7 ampere was adopted 
as the minimum reliable unit for measuring the signal. When 
the two light beams were in phase (¢ equal to an even multiple 
of x) the diode output was of the order of 10~* amperes or greater. 
This ratio of 10* between the maximum and minimum positions 
for the mirror M2 accounted for the precision of determining the 
minimum. Theoretically, the curve of galvanometer output versus 
setting of the mirror M. should be a sharp cusp at the null point 
but in practice the cusp was rounded due to slight unbalance of 
light and to receiver noise. Figure 3 shows a typical observational 
curve. 


MEASUREMENTS AND ERRORS 


There are three main sources of error contributing to the error 
in the determination of the velocity of light. These are the error 
in setting the mirror M; at the null distance, the error in measuring 
the path difference of the light, and the error in measuring the 
frequency of crystal vibration. Of these, the error in the mirror 
setting is intrinsically the most important one to consider. 

A total of 110 curves such as shown in figure 3, were available, 
each plot containing about 12 observed points. The mirror 
position was determined in each case by estimating the minimum 
point of the curve to the nearest millimetre. The frequency 
distribution of these readings is shown as a dotted line in figure 4, 
which is reproduced from the original report. The solid line of 
figure 4 shows the same data but grouped in 3-mm. class inter- 
vals. The mean position was found and used later as a reference 
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point on the base line when making the distance measurement. 
Assuming a Gaussian distribution of the errors the standard 
deviation of this mean position was found to be 0.49 cm. and the 
probable error 0.031 cm. At this stage in the earlier account the 
probable error of the mean was arbitrarily increased to 0.050 cm. 
and the reason given that an allowance should be made for the 
departure of the frequency curve from a strictly Gaussian dis- 
tribution. Apart from the rather peremptory manner of selecting 
this particular figure for the probable error it seems, on re-examina- 
tion of the original data, that the estimate was unnecessarily 
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NULL POSITION OF MIRROR IN CM. 


Fic. 4. Frequency distribution of 110 observations of the null setting of 
the adjustable mirror. 


Dotted line—class interval 1 mm. 
Solid line—class interval 3 mm. 


generous. A re-calculated distribution, based on a more complete 
reduction of the mirror position curves rather than on estimates of 
the minima, vielded approximately the same mean position, with 
a slightly smaller probable error and with a better frequency 
distribution. However, it is inadvisable to attempt to review the 
work in detail at this late date. The original figure for the probable 
error as formally computed will therefore be adopted. The 
difference in length of the two light-paths was of the order of 
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1860 cm. (see below) so that the contribution of the mirror position 
error to the total error in c was 0.062 in 1860 or 10 km./s. in the 
final value of c. 

Any undue pessimism about the error in the mirror setting 
may have been counterbalanced by an optimistic consideration 
of the errors in the distance measurement. Theoretically, there 
should be no serious problem about measuring the paths. The 
light was in a parallel beam and the measurements were made 
along any ray path; the difference in the long ray path measured 
from any selected point on the edge of M; to the focal plane of 
L; and the short path from the same point on M, to the focal 
plane is the desired distance interval. Three measurements of 
this distance were made, starting with points selected two or 
three centimetres apart on the edge of M; and all agreed within 
the error of measurement. The difficulty lay in the lack of equip- 
ment for measuring a distance of this order. The National 
Research Council, Ottawa, supplied an invar tape with two hair- 
line marks on it guaranteed to be 66 feet apart with an error of 
one part in a million at the specified temperature and with a 
specified weight stretching the tape. Unfortunately for the pur- 
poses of the experiment there were no other marks on the tape. 
Therefore, one of the best comparators available in the laboratory, 
having a 10-cm. screw accurate to one part in 25,000, was used 
as a sub-standard for the laborious job of interpolating between 
the two marks on the precision surveyor’s chain. The mean of 
three determinations of the path-difference was 1859.40 with an 
average deviation of 0.10 cm. This may be a low estimate of 
error because no allowance seems to have been made for the small 
but inevitable errors in tracing the ray-paths through the mirrors. 
To this observational error was added an instrumental error of 
0.19 cm. which was computed to be a reasonable allowance for a 
possible systematic or cumulative error in using the comparator. 
Reviewing the circumstances at this date it appears that the 
systematic error may have been set too high, because the invar 
tape was measured from one end to the other by a comparator with 
a net error considerably less than would be expected on the above 
estimate, but here again it is difficult to suggest changes, especially 
as most of the details of the distance measurements are no longer 
available. A further allowance of 0.05 cm. was made for the 
uncertainty in the correction to be introduced by an additional 
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very low power lens that seems to have been inserted in the long 
path only (not shown in figure 2 and not necessary in general). 
The total error in the distance was thus about 0.35 cm., or 56 km./s. 
in the velocit} of light. 

The measurement of frequency was done by a number of 
methods which are well known to the art now, such as using 
WWYV radio transmissions, local interpolation oscillators and 
standard tuning forks. The stability of the crystal, after a warm- 
up period, was of the order of 10 cycles per second or better 
throughout the experiments. The actual frequency does not 
appear to have been measured to this order of accuracy, however, 
as the figure quoted was 4,029,440 + 60 cycles per second. This 
is equivalent to an error in c of 5 km./s. and since it is an order 
better than the distance error it is probable that the matter of 
improving the frequency measurement, which could easily be 
done, was deferred until a way of reducing the larger error was 
found. 

To sum up, the velocity of light in air was determined to be 
4 X 4,029,440 & 1859.40 = 299,690 km./sec. (cf. Equation (4) ). 
The errors add to about 70 km./s._ If the average refractive index 
of the air for white light is taken as 1.000295 for dry indoor winter 
air conditions typical of the laboratory the computed velocity of 
light in vacuo is 299,780 + 70 km./s. 


CONCLUSIONS AND COMMENTS 


This velocity determination, 299,780 km./s., was not far from 
the value for c generally accepted at the time, namely 299,772 
km./s., and happens to agree even more closely with the present 
most probable statistical value of 299,776 +4 km./s.° The 
close coincidence should be regarded as largely fortuitous, though 
it may indicate that the experimental errors were not as great 
as originally estimated. Because of the large probable error that 
must necessarily be attached under the circumstances, it is not 
suggested that the particular value for c obtained in this work 
should receive serious consideration in any attempt to assign a 
weighted figure for this fundamental physical constant from all 
available data and sources. However, the technique is strongly 
recommended for further development. With adequate facilities 
there is no reason why the distance could not be measured to the 
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order of one in a hundred thousand or better, and the frequency 
error made entirely negligible. The important source of error, 
namely, the error in the null position of the mirror, was about 
10 km./s. which is fully comparable with the probable errors 
quoted by other workers. With improved technique this error 
too should be reduced considerably. 

These experiments were all carried out with » = 1 in equation 
(3). If m = 3, 5, etc., other minima are found, and if the differ- 
ences in these mirror positions were measured one might avoid 
some of the real or philosophical difficulties involved in determining 
the end-points when using the first minimum only. The 49°-cut 
crystal can be driven at higher odd harmonics which enables many 
more minima to be observed on a given base line. There are two 
disadvantages to this procedure, though, which were not overcome 
at the time, first, the light modulation efficiency is less at the 
higher harmonics, and second, the crystal will no longer lock the 
driving oscillator so that an auxiliary frequency control source 
would be needed for the oscillator. The whole optical path 
should be placed in an evacuated chamber for complete control 
of the path parameters—a feasible proposition with the base 
lines involved. The receiver used in this work was a conventional 
superheterodyne with a band-width of the order of 5 kc./s. Present 
electronic techniques would enable a detector to be built with a 
band-pass of the order of a few cycles with resultant improvement in 
the minimum detectable signal. 

It is of interest to compare the practical operational character- 
istics of the quartz crystal and the liquid Kerr cell. The crystal 
is cleaner to use and less critical to adjust. Convergent light 
can be employed and the light output is insensitive to the relative 
orientations of the Polaroids with respect to each other and to 
the crystal—in fact, one or both of the Polaroids can be removed 
altogether, though with a considerable drop in efficiency. The 
driving voltage and power required for the crystal are less than for 
the Kerr cell by virtue of the resonant operation, which also 
provides self-stabilization of frequency. However, this feature is 
at the same time the greatest disability of the crystal compared 
to the Kerr cell as it limits efficient operation to resonant frequen- 
cies. True, one can use the crystal to modulate a light-beam 
with speech frequencies superposed on the high-frequency carrier 
by modulating the driving oscillator, but the band of frequencies 
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that the crystal can pass is limited by its Q which is fairly high 
unless the electrodes are very tightly clamped. The Kerr cell is 
aperiodic and there is no limitation on the exciting frequencies, 
up to the point where the physical dimensions of the cell circuit 
are comparable with the wave-length of the driving oscillator. 

This work was carried out under the supervision of the late 
Dr. E. F. Burton, Director of the McLennan Laboratory, and 
with helpful advice and assistance from Professors A. Pitt, J. M. 
Anderson and M. F. Crawford. 


National Research Council, 
Ottawa. 
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RADIAL-VELOCITY CURVES FOR ETA AQUILAE FROM 
LINES OF DIFFERENT CHROMOSPHERIC LEVELS* 


By T. S. JACOBSEN 


ABSTRACT 
Radial velocities have been measured on eleven three-prism spectrograms 
of » Aquilae using wave-lengths derived from plates of the sky and late-type 
stars. The lines are grouped into four different chromospheric levels and velocity 
residuals from the lowest level are plotted against phase. The plots establish 
a periodic variation for all the levels. 


A SERIES of eleven well exposed three-prism spectrograms 

of » Aquilae, giving a dispersion of 10.6 A./mm. at Hy, 
was taken in 1936 by the author using the 73-inch reflector of the 
Dominion Astrophysical Observatory, and measured by him during 
the next few years on the Gaertner measuring machine of the 
University of Washington. Certain check plates, obtained and 
measured concurrently with the » Aquilae plates, were made the 
basis for the wave-length system. This material consisted of ten 
plates of 6 Cephei, nine of the sky, and six of five stars showing 
c-characteristics and covering the range of spectral variation 
exhibited by » Aquilae. The methods of obtaining the normal 
wave-lengths and the corrections to these for variation in spectral 
type have been discussed in some detail in a previous article. 
The selection and grouping of lines was also given, and will be 
repeated here for the sake of completeness: 


Group H: Average height in the sun’s chromosphere 8000 km.— 
hA4101 (HS), 4340 (Hy) 

Group High: Average height in sun’s chromosphere 5500 km.— 
4078, 4216, 4227, 4247 

Group Intermediate: Average height in sun’s chromosphere 1600 
km.—A4012, 4034, 4046, 4064, 4072, 4294, 4314, 4321, 4325, 
4384, 4395, 4405, 4468, 4501 

Group Low: Average height in sun’s chromosphere 700 km.— 
A\4028, 4033, 4036, 4041, 4062, 4084, 4100.7, 4103, 4107, 
4158, 4175, 4177, 4200, 4219, 4222, 4227.5, 4236, 4250, 4251, 
4254, 4319, 4326, 4376, 4418, 4427, 4459, 4467, 4476, 4482. 


*Contributions from the Dominion Astrophysical Observatory, No. 22. 
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The phases were computed from the heliocentric time of visual 
light maximum using Nielsen’s? elements and refer to the moment 
of mid-exposure. The middle of the series was 1936.666, or 
J.D. 2428411.766. 

The spectral types of the variable were obtained from a curve 
constructed as follows. A smooth curve was passed through a 
plot of Shapley’s* observed values of spectral type and phase. 
The shape and amplitude of this curve were left unchanged, but 
the ordinates were adjusted to F2 at maximum and G9 at minimum, 
so as to conform to the values in the general spectrum.* 

The effect of spectral-type differences on the velocity differences 
between the various groups of lines was studied in the five com- 
parison stars covering the spectral range of the variable. The 
differences found on the comparison-star plates were plotted with 
spectral type, and values were read off from a smooth curve drawn 
through the plotted points. Corrections for spectral type, ranging 
between — 1.4 and + 2.2 km./sec., were applied to the Cepheid 
measures. 

The final results appear in Table I, in which the heliocentric 
phases are reckoned in mean solar days from the nearest preceding 
visual light maximum.” The velocity differences are in km./sec. 

The weights were, in every case, assigned in accordance with the 
quality of the lines and the exposure of the plate. On nos. 9 and 
10, the star lines were overexposed and ill defined; the comparison 
lines were strong and shaded towards the violet. On no. 3, the 
star lines were overexposed in the red and underexposed in the 
violet; the comparison lines were strongly shaded towards the 
violet. Finally, in no. 8, the star lines were broad, fuzzy, and 
underexposed in the violet; the comparison lines were very heavy 
and shaded towards the violet in the middle of the spectral region. 
These observations were given half weight. On all other plates 
the quality of the lines ranged from good to excellent, and they 
were assigned unit weight. 


A plot of the observations of weight unity shows in all cases a 
relation with phase represented to a close first approximation by 
a sine curve. Observations of half weight show a similar relation, 
but systematically displaced along the velocity axis. It was 
decided to make use of the half weight observations only in defining 
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TABLE I 
VeLocity DIFFERENCES FOR ETA AQUILAE 


Helioc. | Spectral | 


No. phase* | Weight type |Hy-Low| H-Low | High-Low| Int.-Low 
| 
1 | 714 | F6.0 +66] — 0.1 
2 1.459 1 F9.0 41.1 
3 | 1.549 | FOS +29} +55 | +09 
4 2.007 | 1 F9.5 +21) +12 | —16 
5 | 2.269 1 | +04| +16 00 | —07 
6 | 3.497 G0.5 +02) +25| = 
7 4.124 | 1 G5.5 +12| +23 - 
8 5.692 | 16 G8.5 — 2.7 — 2.2 + 6.0 — 1.0 
9 6.625 ly F8.5 ~€5i +25 1.0 
10 6.693 F7.5 —-79| +032 6.7 
11 6.874 1 F5.5 —27| -16| —23 


*From visual maximum. 


the shapes, not the positions, of the curves, by adopting the follow- 
ing process of adjustment; by means of the method of least squares, 
sine curves were computed to fit the full weight observations. 
From the equations of these curves residuals were computed for 
each half weight observation. In each of the four groups the 
residuals were averaged and result applied with opposite sign to 
the observations. (This process resulted in the following correc- 
tions: + 1.29, + 2.34, — 4.68, — 0.69 for the groups of Hy-Low, 
Hydrogen-Low, High-Low, and Intermediate-Low, respectively.) 
Plots were made of the original full weight and the adjusted half 
weight observations, and free hand curves were drawn through the 
combined material. The observations and curves obtained in this 
way are shown in figure 1. 

In order to describe the main features of the velocity-difference 
curves let 2A represent the maximum minus minimum ordinate, 
V, the velocity of the system (estimated by equalizing the areas 
under the curve above and below this value), Ni the phase from 
visual maximum of the point where the curve crosses the Ip axis 
on the ascending branch, N2 the similar point on the descending 


branch, Max. the phase from visual maximum of the point where 
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the greatest positive velocity difference occurs, and Win. the phase 
of the point of greatest negative velocity difference. The results 
are summarized in Table II. 

Due to the great width and frequent underexposure of Hé6, the 
second line in the above table is not considered reliable. An 
inspection of the first, third, and fourth lines shows the existence 
of a progressive increase in the amplitudes, A, of the curves with 
increasing level difference. As is the case in 6 Cephei', one may 
consider that there exists also in » Aquilae an approximation to 
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proportionality between the amplitudes and the level differences.* 
The increases in amplitudes are found to be 1 km./sec. per 2434, 
1812, and 1800 km. of level difference for the Hy, High, and Inter- 
mediate groups, respectively. Thus the amplitude of the velocity- 
difference curve increases with height above the 700 km. level at 
the rate of 1 km./sec. per 1800 km. increase of altitude up to 5500 
km. At the higher level of 8000 km. the rate is 33 per cent. smaller. 
(It may be noted in passing that the rate for 6 Cephei' was found 
to be 1 km./sec. per 1800 km. throughout the atmosphere.) 


TABLE II 
ELEMENTS* OF THE VELOCITY DIFFERENCE CURVES 


“Level 
Group Difference 2K | Vo | ™ | Max. | Ne | Min. 
km. |km//sec.| km/sec. | 

| d d d d 

Hy-Low | 73006 = 6.0 | — 1.3 | 0.65 | 2.45 4.42 6.45 
Hy-Low 7300€ 3.2 + 0.5 | 1.21 | 2.90 | 445 | 6.35 
High-Low | 4800¢ 5.3 0.0 | 122 | 36 | 539 | 68 
| 02 | 14 | 30 | 58 


Intermediate-Low, 900¢€ 1.0 | — 1.06 


*As defined above. 


A study of the last four columns of Table II shows (again 
neglecting the entries in the second line) that the curves have not 
quite similar phase relations. A few points of interest may be 
noted. A compression between the intermediate and low layers 
starts at phase 0’.2, reaches a maximum at 1¢.4, and comes to an 
end at 3¢.0, The stillstand in Wylie’s® photoelectric light curve 
begins at phase 1“.8 and ends at phase 3“.0. Thus deep in the 
atmosphere the velocity of compression is well past its maximum 
when the stillstand begins. At the high level the beginning, 
maximum, and the end of the compression are delayed with respect 
to the intermediate level by 1“.0, 1“.2, and 1“.4, respectively. Here 


*Throughout this and earlier papers all levels and level differences quoted are 
obtained from averages of heights in the sun’s chromosphere given by S. A. 
Mitchell, Ap. J., 38, 409, 1913. 
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the end of the stillstand in the photoelectric light curve occurs 
well before the maximum of compression is reached. In the 
hydrogen level an intermediate situation exists. The middle of 
the photoelectric light stillstand occurs 0.2 before the maximum 
compression velocity is reached. Thus in the two highest levels 
all of the stillstand is within the phase limits of the compression. 
The average phase of maximum velocity of rarefaction (corres- 
ponding to Min. in Table II), or 67.35, is in good agreement with 
the value 6“.5 found by Rufus* in 1932 from one-prism material. 


The conclusions from the present work may be summarized as 
follows: 


1. From a discussion of eleven three-prism spectrograms of » Aquilae a 
level effect is established. 


2. The velocity-difference curves are approximately sinusoidal and show a 
phase lag with altitude in the star’s atmosphere. The very highest level observed 
leads the next highest, but lags behind the intermediate. 

3. The amplitudes of the velocity-difference curves increase with height 
above the 700 km. level (in the sun) at the rate of 1 km./sec. per 1800 km. up 
to 5500 km. (in the sun). The amplitude of the 8000 km. level corresponds to 
a rate of 1 km./sec. per 2400 km. 


In conclusion the author wishes to thank Dr. J. A. Pearce, 
Dominion Astrophysicist, for putting at his disposal the resources 
of the Observatory necessary for carrying out this investigation. 


University of Washington, 
Seattle, Washington, 
October 9, 1949. 
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A MOUNT WITH CHOPPING SHUTTERS FOR 
METEOR CAMERAS 


by E. L. R. WEBB 


ABSTRACT 


Two installations of three F-24 aerial cameras have been arranged with 
remote control of cameras as well as external occulting and chopping shutters 
and anti-fogging heaters. One unit is permanently mounted on a concrete base, 
the other on a mobile tripod. 


INTRODUCTION 


As part of a broad meteor research program being carried on 
jointly by the National Research Council and the Dominion 
Observatory, it was desired to extend the existing facilities for 
direct photography of visual meteors at night. Conveniently 
there appeared on the war surplus market suitable aerial cameras 
known as the type F-24. Several were obtained at a fraction 
of the original cost. 


AXIS OF 
SHUTTERS 


COMBINED FIELD OF VIEW 
Fig. 1 


For our purposes it was decided to use the cameras in groups 
of three, with the fields slightly overlapping as in figure 1. Each 
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group covers roughly one-sixth of the sky and, since the optimum 
orientation varies with both shower and time, the head structure 
shown in figures 2 and 3 containing the cameras and their auxiliary 
equipment was designed to be adjustable. Azimuth and elevation 
axes were chosen, but if necessary the head could be remounted 
readily in the manner of most astronomical telescopes, that is, 
as an equatorial mounting. 

The F-24. Camera.—The F-24 Camera is an aerial photography 
camera having a high quality lens of 8-inch focal length and speed 
of f:2.9. The field of view is 35° by 35°. The lens and the film 
register plate are mounted in a sturdy aluminum casting known 
as the cone. The internal shutter and film winding gear box are 
a removable unit fitted to the cone, and are adaptable to either 
hand operation or motorized remote operation. Interchangeable 
blinds in the focal plane shutter provide for either daylight (instan- 
taneous) or night (time) exposures. The film magazine clamps 
on the back of the camera and accommodates spools of Aero 
film, 514 inches wide by 56 feet long. The optional motor drive 
is a small d.c. motor connected by a flexible drive cable to the 
gear box. The gear box and motor are interconnected electrically 
too, and when the shutter is tripped, either electrically or manually, 
the film is advanced and the shutter reset. 


THE HEAD STRUCTURE 


General.—To obtain a compact overall unit, the cameras were 
modified by shortening the protective extension of the cone in 
front of the lens. This allowed the external shutter to be nearer 
the lenses and therefore smaller, yet still covering the same solid 
angle. Each camera fits into an aluminum spider designed to 
permit maximum access to the camera and provide accurate 
positioning. The three spiders are in turn supported by sturdy 
pillars of adjustable height so that the three cameras may be 
mutually aligned. The supporting pillars are all mounted on a 
heavy fabricated steel frame. A replaceable brass plate at each 
side of the frame provides bearing for the elevation axis pins. 
Top, bottom and sides of the head are sheathed with aluminum. 
The side sheets are extended into quadrant-shaped sectors pro- 
viding rigid clamping for the elevation axis, and an elevation scale 
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Figs. 2 and 3 
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is engraved on one of these sheets. The back of the head is 
covered by wooden hatches and the front by canvas, thus providing 
an enclosure which may be heated in cold weather. A tarpaulin 
is provided for overall protection when the unit is idle. A guard 
ring protects the shutter from damage by the tarpaulin and likewise 
the operator from the shutter. Radiation heater elements oper- 
ated at reduced voltage, are placed near each lens to prevent 
fogging. The auxiliary equipment, including the motors and 
cables for the remote control of exposures and of film changes, is 
distributed around the head structure. 

Chopping Shutter.—A continuously rotating high speed shutter 


chops the light entering all three cameras 12 or 18 times per second 


depending upon the number of openings in the blade. The open 
to closed ratio is 44, and sufficient to make significant breaks in 
any meteor image for velocity determination. Of course the star 
trails grow so slowly that they appear continuous. 

The chopping shutter blade is a Dural disk 26 inches in diameter 
with two or three notches cut out. It is mounted and balanced 
on the shaft of a gear box designed especially for the job. The 
driving motor, a Bodine Type N-30, single phase, }‘synchronous, 
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Fig. 4 
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1800 revolutions per minute, is fitted directly to the gear box 
casting. Together the motors and gear box make up a massive 
body, which, being mounted on Lord units using rubber in shear, 
helps reduce vibration from the chopping shutter at its source. 
What little exists is almost completely isolated from the cameras. 
The gear ratio is 1/5, making the shutter speed 6 revolutions per 
second. A stroboscopic pattern painted on the shutter hub 
is used in conjunction with a neon lamp for checking synchron- 
ism. The gear box has a transparent cover plate for oil inspection. 


Fig. 5 


Occulting Shutter—A three bladed shutter operated by a 
solenoid is used to occult all three cameras simultaneously for a 
short interval sufficient to break each star trail. The break is 
made at a carefully recorded time each exposure and serves to 
indicate the orientation of each camera. 

The occulting shutter blade has just sufficient area to cover 
the fields of view. Its mass and, more particularly, its moment 
of inertia were made as small as possible in order to increase the 
speed of opening and closing without undue shock. The blade is 
pivoted at the end of an outboard arm, in front of the chopping 
shutter. The actuating solenoid and restoring spring are built 
into the arm which is also tied in with the guard bar and ring that 
extends over the shutters. 
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Electrical Circuits —The control circuits for the three cameras 
and the occulting shutter, together with the supply circuits for 
the chopping shutter and the heaters, are grouped into two Jones 
plugs and thence run in cables from the head to a junction box 
in the base of the mount. From the junction box wires go to a 
pair of 6 volt storage batteries and also to the remote control 
station. This unit contains the necessary switches, push buttons 
and indicating lamp etc. and also a battery charger. The camera 
shutter-release solenoids and film-advance motors operate on 12 
volts d.c. The remainder of the equipment operates on 110 volts 
60 cycle a.c. Figure 4 is an electrical schematic drawing and 
figure 5 is a view of the control panel. 

Remote Control Unit.—In this unit there are associated with 
each camera a push button, an indicating lamp, a relay and a 
counter. The push button operates the shutter release which in 
turn starts the motor. While the motor is energized the indicating 
lamp in parallel with it is lit. Once during each film advance, 
the relay receives a 12-volt impulse from the camera and passes 
it on as a 110-volt pulse to operate the counter. The occulting 
shutter is controlled by a switch so labeled. Both the open and 
closed positions of the shutter are reported back on the indicating 
lamps. The chopping shutter motor and the various heaters have 
separately controlled circuits with the switches appropriately 
labeled. The battery changer is limited to 1 ampere. It consists 
of a Variac for adjusting the charging rate, a stepdown transformer 
and a metallic rectifier unit. An ammeter is provided to indicate 
the charging rate. 

THE BaAsE Movunts 


To date two complete head structures have been built and 
fitted with cameras and a third is under construction. One is 
for use at the home laboratory and has been installed on a con- 
crete pedestal as shown in the general view of figure 6. The 
azimuth bearing is adapted from an anti-aircraft gun-laying 
predictor. Three anchor bolts hold down the bottom of the 
bearing assembly on leveling shims. The fork-like superstructure 
was made by bolting together heavy rolled steel members. 

The second set is for field use and is carried on what amounts 
to a mobile tripod. As can be seen in figure 7 it is a small sturdy 
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four wheel trailer. The massive king-pin bearing, centrally located, 
was originally made for an experimental radar. There are three 
built-in folding jack arms, complete with heavy duty screw type 
jacks, for stabilizing and leveling. A platform was added to the 
upper member of the king-pin and a welded tubular structure 
erected to carry the head. 

The third set will probably be installed on a concrete base, 
similar to the first. 

In both types of installation the elevation bearing can be tilted 
through the 60 degrees necessary to cover the sky. Likewise 
both azimuth bearings can swing through 360 degrees and be 
clamped in any azimuth. However, continuous rotation not being 
a requirement, all electrical circuits are carried in flexible trailing 
cables in preference to slip-rings. 


Radiophysics Section, Division of Radio and Electrical Engineering, 
National Research Laboratories, 
Ottawa, Ontario. 


REVIEW OF PUBLICATIONS 


Astronomischer Jahresbericht, edited by the Astronomisches 
Rechen-Institut at Heidelberg; vol. 47, pp. 207 + xxviii, 6144 by 
914 inches. Berlin, Walter de Gruyter & Co., 1949. 

Astronomers the world over, who for decades have depended 
on the Jahresbericht, will welcome this new volume of bibliography. 
The volume under review covers the astronomical literature for 
the vear 1947. The editorial work has been done by the staff 
of the Astronomisches Rechen-Institut, at Heidelberg, and the 
publication is sponsored by the Astronomische Gesellschaft as 
formerly. 

The current volume contains abstracts or titles from 199 sets 
of periodicals and observatory publications. This is considerably 
less than in pre-war years, reflecting probably a lack of restoration 
of normal communication rather than a real decrease in astronomical 
publication. 

The general form and arrangement of the volume is the same 
as previously. The paper is, however, of a very poor quality. 
Back files of the Jahresbericht are so useful over the years that it 
will be a tragedy if the grayish newsprint used this year deteriorates 
rapidly. 


F.S.H. 


Worlds in Collision, by Immanuel Velikovsky; pp. xiii + 401, 
514 by 84% inches. Price $5.25; published by Macmillan, Toronto, 
1950. 

The book under review has had unusually successful advance 
publicity, and is enjoying considerable circulation. Were it not 
for the attention that ‘‘Worlds in Collision” is attracting from the 
general public, it is doubtful whether this JouRNAL would be con- 
cerned to review it, a book which commands little interest and no 
conviction among astronomers. Because of this general interest 
however some account of it will be given here. 

In summary Dr. Velikovsky wishes to show that within his- 
torical times, in the 14th century B.C. and again in the 8th and 
7th centuries B.C., the earth has been involved in close encounters 
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with heavenly bodies, with catastrophic results. The first of the 
three was a close encounter with an enormous comet. The phe- 
nomena accompanying this encounter were: a standstill or even 
a reversal of the rotation of the earth, a displacement of its axis, 
great tidal waves, storms of oil and sugar, masses of meteorites, 
a great electric discharge, earthquakes, volcanoes, and other 
disasters. After the encounter the comet is supposed to have 
suffered a radical change of orbit and become the planet Venus. 
A further series of disasters occurred in the 8th and 7th centuries 
brought about by close encounters of Venus and Mars, and these 
with the earth, accompanied by less exciting events—a rain of 
meteorites, another movement of the earth’s axis, a change in 
the length of the year, from 360 days to the present 36514. 

These graphic pictures Dr. Velikovsky has read into a great 
mass of legend and folklore from many lands. At a moderate 
estimate there are between 1,000 and 1,500 references in the foot- 
notes. The material referred to includes ancient literature of 
the Jews, Egyptians, Chinese and Babylonians, Mayans and many 
others, with folklore of North American Indians, Scandinavians, 
Eskimos and heaven knows who else. These accounts, drawn 
from such widely different sources and ages, are referred by Dr. 
Velikovsky to a single event and age. 

The argument falls naturally into two parts, an astronomical 
part and an historical part. It is this last which is nearest to the 
author’s heart, for he is a scholar, not an astronomer. So the 
great part of the book is devoted to the large collation outlined 
above. 

In his attitude to the astronomical questions raised by his 
thesis Dr. Velikovsky wavers. At one point he says (p. 384) 
“The theory of cosmic catastrophism can, if required to do so, 
conform with the celestial mechanics of Newton”’ (Italics mine). 
3ut more nearly he would like to say that astronomical theories 
have to be adjusted to agree with his historical account. Thus 
(p. 387) “I must admit, however, that in searching for the causes 
of the great upheavals of the past and in considering their effects, 
| became skeptical of the great theories concerning the celestial 
motions that were formulated when the historical facts described 
here were not known to science.” 
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This reviewer wishes to argue that the two sides of Velikovsky's 
thesis stand and fall together. If the astronomical story is incred- 
ible then so is the historical method which lumps together legends 
and folklore which we have no other reason to suppose have a 
common origin. 

As for the astronomical part of the argument it can be dealt 
with very briefly. Of the hundreds of comets which have been 
observed and studied within the last 150 years none has anything 
approaching the mass of a planet like Venus or the earth. They 
are all too small by a factor of the order of 1,000,000,000. As 
for the electromagnetic forces which might be invoked to bring 
the earth to rest (and they will not reverse its rotation) they have 
to be of an order of magnitude not observed anywhere in nature. 
Present day observations of the mutual perturbations of the planets 
do not indicate any large mutual action in the immediate past 
(1500 B.C. is the immediate past astronomically speaking). 
While this does not categorically rule out the possibility, it makes 
it improbable to a very high degree. To discuss Velikovsky’s 
detailed descriptions further than this would be to lend credibility 
to an incredible hypothesis. 

The reviewer is not competent to deal in detail with the anthro- 
pological and textual material amassed by Velikovsky. It does 
not seem possible to accept such an arbitrary concordance of 
matter which is drawn from sources so varied in their origin both 
in time and place. But when to reinforce his argument the author 
has to revise Egyptian chronology, and deny knowledge of Venus 
to the ancients prior to 1500 B.C., in the face of other scholars, 
then it is time for the layman to doubt. It is permissible to ride 
at windmills, but not in all directions at once. 


Astronomy, by Robert H. Baker. Fifth edition. Pages 526, 
6 by 9 inches, 1950. New York and Toronto, D. Van Nostrand 
Co., Ltd. Price $5.75. 

One has satisfaction in seeing the appearance of successive 
editions of a good book. The fourth edition of Professor Baker's 
text book was published in 1946, and of it there were three reprint- 
ings. Now we have a new edition, many parts of it being re- 
written. 
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Among the recent progress embodied in the work are results 
obtained with the lead sulphide cell in studies of planets, satellites 
and the solar spectrum; the new methods of observing meteors; 
and the reception of microwaves from the sun and the Milky 
Way. There is also much new matter regarding the stars, includ- 
ing further evidence that our galactic system is of a spiral form. 

Baker's Astronomy is an excellent text book. 


Out of My Later Years, by Albert Einstein. Pages 282, 514 by 
8!5 inches. Portrait of author. New York, Philosophical Library, 
1950. Price $4.75. 

The contents of this book are divided into six parts which 
bear the headings: (1) Convictions and beliefs, (2) Science, 
(3) Public affairs, (4) Science and life, (5) Personalities, (6) My 
people. These are separated by ample blank pages and are 
subdivided into 59 smaller portions, several being less than a page 
in length. 

Thus there is a feeling of scrappiness about the book and the 
attempt to speak on the wide diversity of subjects suggests ponti- 
ficality. 

Einstein is certainly an authority on some of the subjects 
discussed and his presentation of his ideas is lucid and simple; 
and as one reads these ‘“‘essays’’ one is impressed with his honesty 
of thought and purpose. 

At the end of the book is a list of the places where the articles 
which have already been printed originally appeared. 


Pohledy Do Nebe—‘‘A look into the Heavens,” by Hubert 
Slouka. Pages 470, 614 by 914 inches, 22 plates and 82 other 
reproductions. Nakaladatelstvi Orbis, Praha, 1949. Kes. 200. 
(In the Czech language.) 

On opening this book one is impressed by its excellent paper 
and its abundance of fine illustrations. This is the fourth edition, 
the first having appeared in 1942. 

The work has been brought up to date. Illustrations of the 200- 
inch telescope and the 4-foot Schmidt camera are given, together 
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with others, among them two of the David Dunlap reflector. It 
is stated that an attempt is made in this new edition to introduce 
the reader to independent work and observation. Some 135 pages 
are devoted to the stars and much information is given. At the 
end are numerous tables, including a list of telescopes of various 
kinds, and an extended selection of books on the different branches 
of astronomy. 
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OUT OF OLD BOOKS 


By HELEN SAWYER HoGG 


A MANuscript oF WALES’s OBSERVATIONS IN 1769 


Through the great kindness of Dr. J. B. Tyrrell, the David Dun- 
lap Observatory has just been presented with an original manuscript 
copy of an article on the first purely astronomical observations ever 
made in the Canadian arctic. This article first appeared in the 
Philosophical Transactions of the Royal Society, vol. LIX, 1769, en- 
titled “Astronomical Observations by order of the Royal Society, 
at Prince of Wales’ Fort on the North-west coast of Hudson Bay. 

3y William Wales and Joseph Dymond.” 

Dr. J. B. Tyrrell is himself a far northern explorer of great note. 
Now in his ninety-second year, living amongst acres of his beautiful 
apple orchards near Toronto, he has an unequalled fund of know- 
ledge of northern Canada. His journeys of exploration in the Cana- 
dian subarctic are now part of Canadian history. During the 1880's 
and 90’s he made numerous trips of exploration in the Canadian far 
north and the Barren Lands, including a 600-mile trek on snowshoes 
from Churchill (formerly the Prince of Wales’ Fort of the above 
manuscript), to the northern end of Lake Winnipeg. He is a fellow 
of the Royal Society of Canada, and the Tyrrell medal of that society 
was named in his honour. 

Dr. Tyrrell bought this manuscript, inscribed in the hand-writing 
of William Wales, from a bookshop in London, England, in 1928, 
believing that an item of such note in Canadian history should repose 
in Canada. He has now presented it to the David Dunlap Observa- 
tory. The manuscript is in an excellent state of preservation. The 
records were beautifully written, and carefully and systematically 
entered. 

Curiously enough, in November 1947, the writer reprinted in the 
Old Books column of this JouRNAL, vol. 41, p. 323, certain portions of 
this manuscript. These were copied from Volume LIX of the Philoso- 
phical Transactions borrowed from McGill University. At that time the 
writer had no notion that the original copy of this interesting manu- 
script was located right in Toronto. Further excerpts of this inter- 
esting expedition to the Canadian arctic from Wales’s Journal of a 
Voyage were published in this same column in Volume 42 of this 


JournaL, May and July 1948. 
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Tycuo BrRAHE’s GREAT GLOBE 

At the end of the review of the English translation of Tycho 
Brahe’s work Astronomiae Instauratae Mechanica (1598) in the 
JouRNAL for November-December 1949, p. 244, a remark was 
added regarding the ultimate fate of Tycho’s famous 6-foot sphere. 
The reviewer had forgotten that the subsequent history of all of 
Tycho’s wonderful instruments was given in the Appendix to 
Dreyer’s book, ‘‘Tycho Brahe: A Picture of Scientific Life and 
Work in the Sixteenth Century”, (Edinburgh, 1890). The first 
paragraph of the Appendix reads: 


It was perhaps well for Tycho Brahe that his career in Bohemia was cut 
short, for he would sooner or later have been bitterly disappointed in the faith 
he had placed in the Emperor’s promises. His greatest wish had always been 
that the observatory work should not cease at his death, but that some competent 
person might be appointed to carry it on; but though Kepler, two days after 
Tycho's death, was informed by Barwitz (Austrian Privy Councillor) that he 
was to be the new Imperial mathematician, the observations with Tycho’s 
instruments were not continued very long. The Emperor soon agreed with 
Tycho's family to purchase the instruments for the sum of 20,000 thalers; but 
when Tengnagel (a former assistant, who married Tycho’s second daughter 
in June 1601) came back to Prague in the summer of 1602, he assumed the 
position of Tycho’s scientific heir, promised the Emperor to have the Rudolphine 
tables finished within four years, and though Kepler had commenced to observe 
Mars, he was deprived of the instruments, which were stored away in a vault 
under Curtius’ house. Kepler never got access to them again, of which he 
complains repeatedly in his writings. They seem to have been preserved in 
this manner until the year 1619, when the Bohemians rose against the House of 
Habsburg and elected Frederic V, Elector Palatine, their king, and during the 
disturbances which followed, some of the rebels are said to have destroyed the 
instruments as Imperial property. The great globe alone was saved, and was 
in 1632 found at Neisse, in Silesia, at the College of the Jesuits, by Prince Ulrik, 
a son of King Christian IV of Denmark, who was in the service of the Elector 
of Saxony, and had taken Neisse by storm. How or when the globe had been 
sent there is not known, but Prince Ulrik now sent it to Denmark, where it was 
first kept at the Castle of Rosenburg, then at the University, and afterwards 
in a room of the Round Tower which had been erected in Copenhagen to serve 
as a University observatory, and was finished in 1656. An inscription, composed 
by Longomontanus, was attached to the globe, or to the wall of the room, and 
the beautiful monument of the great astronomer remained at the Round Tower 
till October 1728, when it was unfortunately destroyed in the great conflagration, 
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in which, among many other things, Ole Roemer’s unpublished observations 
perished. At the present day there is neither at Prague nor at Copenhagen the 
smallest vestige of Tycho’s celebrated instruments. 


In the same Appendix it is stated that in September 1603 
Tycho’s heirs received from the royal revenues 4,000 thalers, 
and though they made persistent applications to the Government 
for the remaining sum of 16,000 thalers it was never paid. 

For information regarding the fate of Tycho Brahe’s great 
sphere the present writer wishes to thank Axel V. Nielsen of the 
Ole Roemer Observatoriet, Aarhus, Denmark; and Otto Bliih, of 
the University of British Columbia. The latter states that this 
and other information is given in a modern biography by J. C. 
Gade, ‘The Life and times of Tycho Brahe”’, Princeton University 
Press, 1947. He would also thank Charles D. Humberd, M.D., 
of Barnard, Missouri, for information. 


MEETINGS OF THE SOCIETY 


AT GUELPH 

During the year 1949 the Guelph Centre held five regular meetings as 
follows: 

January 27.—Prof. E. B. MeNaughton: “Atomic Structure and Atomic 
Energy”, and the film “The Structure of the Atom’. 

March 24.—Mr. Stewart Mackay: “Weather Forecasting’, and the film 
“Solar Prominences’”’. 

April 28.—Prof. V. C. Lowell: “The Enigma of Mars’’. 

May 26,—Mr. H. Seekins: “Star Maps’’, and a demonstration of the Fau- 
coult Pendulum by Prof. R. C. Moffat. 

November 5.—Dr. Helen Hogg: “Star Clusters”’. 

In addition to the above, seven study group meetings were held. On 
January 14 a bus was chartered to convey twenty-three members to the annual 
meeting of the R.A.S.C. in Toronto. 

All the attempts to hold star nights during the summer months were unfor- 
tunately spoiled by bad weather. 

October 27-29.—Under special direction of Mr. W. Patterson and S. G. 
Bruce a display of home-made telescopes by local members was set up at the 
Junior Board of Trade ‘‘Hobby Show” and attracted considerable attention. 

On November 6 a large number of our members attended the presentation 
of the Spitz Planetarium by the Hamilton Centre to the McMaster University. 
At this meeting the film the “Story of Palomar” was shown and proved of great 
interest. 

STEWART G. Bruce, Secretary. 


AT TORONTO 


February 7, 1950.—The meeting was held in McLennan Physics Laboratory, 
the Chairman being Mr. A. R. Clute, President. 

The president requested that Dr. Helen Hogg’s latest honour be entered 
in the records. She has won the Annie Jump Cannon Prize of the American 
Astronomical Society. Offered once in three years to a woman astronomer 
anywhere in the world for outstanding work, the award went to Mrs. Hogg for 
her research studies on variable stars in globular clusters. 

The secretary nominated ten applicants for membership in the society. 
He noted that this year is the 60th anniversary of an astronomical society in 
Toronto, and read the interesting minutes of the first meeting, held 60 years ago. 

The president introduced the speaker, Dr. Tuzo Wilson, Professor of Geo- 
physics in the University of Toronto. Dr. Wilson addressed the meeting on 
the subject, “Earth, the Water Planet’. The speaker pointed out that it is 
not known with certainty whether the earth is actually cooling or heating. 
Some energy is known to be supplied by radio-active substances, especially 
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to the crust, but there is reason to believe that these are not abundant in the 
earth. Therefore it seems reasonable to assume that the earth is cooling. 

The existence of oceans and continents is unexplained. It is difficult to 
imagine the continents being formed at the same time as the earth. None 
have been observed on Mars or the moon. Geologists determine the ages of 
rocks, knowing that uranium disintegrates into lead, helium and energy at a 
constant rate, (independent of temperature and pressure). Any given amount 
of uranium (U238) will be half gone in 4.56 billion years. If we measure the 
proportion of lead to uranium, we can determine the time elapsed since the 
uranium was pure (assuming that it was pure). If rocks are formed by igneous 
action, it is probable that there was no lead in the uranium minerals at the time 
of formation. If a given rock contains uranium, we can determine its age of 
formation. Systematic results give for the oldest rocks, ages of about 2.2 billion 
years. This puts a minimum on the age of the universe. The astronomers’ 
expanding universe theory puts the age of the universe at about 2 billion years, 
and appears to involve more assumptions. 

The behaviour of earthquake tremors suggests that the centre of the earth 
is of a different composition from the outside. The disrupted planet theory 
suggests a core of molten iron for the earth. 

There is going on at the present time, erosion, which takes about one foot 
from the continental surfaces every 9,000 years. The sediment is dumped down 
at the edge of the continents, and piles up to form continental shelves on the 
nearby ocean floor. This above rate would correspond to 70 miles off the surface 
in a few billion years. There is no evidence of sedimentation to this extent near 
the edge of the continents. 

Asa solution, Dr. Wilson suggests that these sedimentary deltas periodically 
get folded to form mountains, and turned to granite. By this, he means that 
the sedimentary deposits push down upon the ocean floor, thereby weakening 
the crust and causing the failures in the contracting earth to be concentrated 
under the wedges of sediment. These are folded and altered to form mountains 
which in turn are eroded. In this manner, the continents gradually grow, and 
the oceans become deeper. The speaker showed slides taken from the air, 
suggesting that Muskoka and northern Ontario form the roots of an old mountain 
chain. 

Geologists find that America, Africa and Australia can be divided into 
“provinces”, in which the rocks get systematically older towards the continent 
centre. Each province seems to correspond to an old mountain chain. Eurasia 
appears to be a combination of 3 continents and gives a more complicated pattern 
of provinces. Earthquakes are found chiefly in the young mountain ranges at 
the continental edges, and this indicates that these ranges are being folded now. 
These young ranges are over a continuous zone of fracture in the earth's surface. 

Extinct volcanoes found beneath the Pacific’s surface show that the ocean's 
surface has risen with time. The ocean is getting deeper. ‘The fact that sea 
fossils are found in mountains makes the theory more convincing. 

The speaker was thanked by Dr. J. F. Heard, who mentioned that astron- 
omers might be wise to pay a little more attention to our mother planet and her 
geophysicists. 
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February 21, 1950.—This was a Members’ Night, the ‘meeting being held 
in McLennan Physics Laboratory. The Chairman was Mr. F. L. Troyer, 
Secretary. 

Ten applicants for membership, nominated at the meeting of February 7th, 
were elected. These were as follows: 

Mr. Donald M. Beaumont, Inglewood Drive, Port Credit. 

Miss Frances Fleming, 566-9th Street East, Owen Sound. 

Mr. John P. Grant, 306 Sunnyside Avenue, Toronto 3. 

Mr. Robert Haughton, 23 White Oak Blvd., Toronto 18. 

Miss Mary Miller, 1584-7th Avenue East, Owen Sound. 

Mr. James Redweik, Toronto. 

Mr. Ronald Sauchuk, 9 Classic Avenue, Toronto 5. 

Miss Kathleen Schiller, 25 Massom Road, Apt. 4, Toronto 3. 

Mr. Karl D. Thomson, Box 200, Noranda, Quebec. 

Mr. F. W. Tracy, Royal York Hotel, Toronto 1. 


Mr. Gordon Hepburn, B.A. Sc., described an interesting experiment for 
determining the true meridian. A gnomon (set up on drawing paper), is placed 
just inside any south-facing window. The ends of the shadow are plotted at 
various times throughout the day, and a curve, representing the path of the 
shadow’s end for the day, is drawn by joining the plotted points. The perpen- 
dicular from the gnomon to the curve lies along the true meridian. Different 
curves are found on different days, and the set of curves form a family of hyper- 
bolae. Each of the curves gives of course, the same meridian. Mr. Hepburn 
explained the workings of sun-dials, sextants and astrolabes and answered 
questions from the ‘‘Question Box’”’ installed at the February 7th, meeting. 

Mr. C. A. Crook explained some of the terms empoyed in the “Observer's 
Handbook”, using for an example, the description given for the sky in March. 
This proved very helpful to some of the members. 

Mr. Crook, Miss Northcott and Mr. Hossack answered questions from the 
“Question Box”. 

W. R. Hossack, Recorder. 
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